Cardiorespiratory fitness (CRF) is related to the ability to perform large muscle, dynamic, moderate-to-high intensity exercise for prolonged periods and is a good indicator of overall health. 1 There is strong and consistent evidence from observational studies that poor CRF, quantified as a low level of maximal oxygen uptake (VO 2max ), is associated with higher incidence of chronic illnesses, including coronary heart disease, 2 hypertension, 3 type 2 diabetes mellitus, 4 metabolic syndrome, 5 and mortality. 2, 6 The Ministry of Health, Labor, and Welfare of Japan in 2006 proposed VO 2max reference values for each age group to prevent lifestyle-related disease (http://www. nih.go.jp/eiken/programs/pdf/epar2006.pdf). Additionally, a VO 2max of no greater than 18 ml·kg -1 ·min -1 without symptoms or signs has been regarded as a criterion of disability used by the US Social Security Administration. Therefore, the assessment of CRF is valuable when educating individuals about their current health-related fitness status, providing data that are helpful in developing safe and effective exercise programs, and for identifying a target population for primary prevention as well as for health promotion policies.
Despite a high level of accuracy, there are several limitations to assessing VO 2max with maximal exercise tests and the direct measurement of VO 2max in the general public. These limitations include expensive equipment requirements, the potential risks of exercise exertion, the need for trained personnel, and time demands. Therefore, many field tests, such as the Cooper 12 -minute test, 7 the Rockport One-Mile Fitness Walking Test, 8 and the 6-minute walk test, 9 as well as nonexercise (without an exercise test) prediction models using subjectively [10] [11] [12] [13] and objectively measured physical activity [14] [15] [16] have been developed as alternative approaches to fitness assessment and the estimation of VO 2max in the general public. The benefits of these field tests are that they are easy to administer to large numbers of individuals at one time and require little equipment. Even though these field tests are considered submaximal, because there is not a specific performance criterion to ensure that maximal effort is not exerted, they may result in near maximal performance for those with low fitness levels or disease. 1 Recently, there have been significant advances to assess the efficacy of the ratings of perceived exertion (RPE) to predict VO 2max or VO 2peak . [17] [18] [19] Nakagaichi and Tanaka 19 evaluated the use of a 12-minute submaximal treadmill walk test at a self-selected intensity corresponding to RPE 13 in estimating VO 2peak in Japanese men. They demonstrated that a 12-minute submaximal treadmill walk test was valid and useful in predicting VO 2max , as the 12-minute submaximal treadmill walk distance correlated significantly (r = .73, P < .001) with VO 2peak obtained during the treadmill exercise test in healthy men. Lambrick et al 18 assessed the utility of a single, continuous exercise protocol to estimate VO 2max from submaximal heart rate (HR) and the RPE in healthy, low-fit women during cycle ergometry. They developed a prediction model for estimating VO 2max using age-predicted maximal HR (HRmax pred ) and work rate elicited at an RPE 13 (WR RPE13 ). They demonstrated that WR RPE13 was useful in predicting VO 2max variance and helped their VO 2max prediction model generate relatively accurate estimations of VO 2max (R 2 = .78, SEE = 3.42 ml·kg -1 ·min -1 ). However, the perceptually-regulated tests using the aforementioned protocols may be impractical in many clinical settings because they require expensive equipment and take a long time to administer.
To overcome the deficiencies in existing measures of CRF, in 2006, the Ministry of Health, Labor and Welfare of Japan proposed a new perceptually-regulated field test (http://www.nih.go.jp/eiken/programs/pdf/exercise_guide.pdf): a 3-minute walk test at a self-selected intensity corresponding to RPE 13 (3MWT RPE13 ) to assess CRF. This test is submaximal, very short (3 minutes of exercise), and does not require expensive and bulky equipment or highly trained personnel. However, there is no published information on the validity of 3MWT RPE13 to predict VO 2max or on the equation developed to estimate VO 2max using this test in women.
The purpose of this study was to determine the criterion-related validity of 3MWT RPE13 by comparing it with directly measured VO 2max in healthy adults obtained during a maximal graded exercise test (GXT) with bicycle ergometers. More specifically, the purpose of this study was to develop new VO 2max prediction models using a perceptually regulated 3-minute walk test as well as other factors related to CRF including gender, age, and body composition in Japanese adult men and women.
Methods
Two hundred and eighty-three Japanese adults (143 men, 140 women) were included in this study. Participants were aged 20-69 yrs, were free from injury, had no chronic diseases, and were not taking any medications that could affect the study variables. All participants provided written informed consent according to local institute policy before the measurement of CRF. The research project was approved by the Ethics Committee of the National Institutes of Health and Nutrition. The participants' characteristics are described in Table 1 .
The anthropometric and body composition measurements were performed by using body mass, height, percent body fat (%Fat), and waist circumference (WC) in all participants. Body mass index (BMI) was calculated by dividing the body mass in kilograms by the square of height in meters (kg·m -2 ). The waist circumference was measured at the umbilical level with an inelastic measuring tape at the end of normal expiration to the nearest 0.1 cm. Percent body fat (%Fat) was determined by dual energy X-ray absorptiometry (DEXA; Hologic QDR4500A; Hologic Inc, Bedford, MA) described in detail elsewhere. 20 VO 2max was measured using a maximal graded exercise test (GXT) with bicycle ergometers [Lode Excalibur (NM), Lode BV, Groningen, Netherlands]. The methodology and equipment used in taking this measurement have been described in detail elsewhere. 15 Briefly, the initial work load was 30-60 W, and the work rate was increased thereafter by 15 W·min -1 until the subject could not maintain the required pedaling frequency (60 rpm). VO 2max was calculated as the greatest mean breath-bybreath VO during 30 consecutive seconds. To confirm that each participant attained VO 2max , at least 2 of 3 criteria were met: 1) a plateau in VO despite increasing work rate, 2) maximal respiratory exchange ratio (RER) ≥ 1.10, and 3) maximal heart rate (HR) was no less than 95% of the age-predicted maximum (220 -age).
The 3MWT RPE13 was administered using a 20-m long course in an unobstructed hallway. All participants were asked to walk back and forth in this hallway for 3 minutes at a self-regulated intensity "somewhat hard" corresponding to RPE 13. During the walk period, the participants were reminded to maintain a "somewhat hard walk pace" and were also told, "You have 30 seconds to go," "10 seconds to go," and "Stop-stay where you are." At the end of the 3MWT RPE13 , the total distance covered (3MWD) was recorded to the nearest meter. Test-retest reliability in our laboratory for the 3MWT RPE13 is excellent [intraclass correlation coefficients (ICC) = 0.95, 95%CI: 0.87-0.98, in 11 Japanese adults tested 1 week apart].
Measured and calculated values are presented as means ± SD. Independent t tests were used to compare the group differences in gender. Pearson's product correlations were calculated between the independent variables (gender, age, BMI, WC, %Fat, and 3MWD) and VO 2max . Hierarchical linear regression analysis was used to generate prediction equations for VO 2max . We entered the gender (0 = women, 1 = men), age, and a different measure of body composition (ie, BMI, WC, or %Fat) into the first block, and 3 different prediction models (ie, BMI model 1, WC model 1, or %Fat model 1) were derived, and we entered 3MWD into the second block, and 3 different prediction models (ie, BMI model 2, WC model 2, or %Fat model 2) were derived. The goodness of fit and precision of the regression equations were evaluated using multiple coefficient of determination (R 2 ) and the absolute standard error of estimate (SEE) and relative SEE (%SEE). The new prediction models were assessed using the predicted residual sum of squares (PRESS) method as described in detail elsewhere. 15, 16 Briefly, the PRESS adjusted R 2 (R 2 p) can be calculated as 1 -(PRESS/SStotal). The PRESS SEE (SEEp) can be calculated using the following equation:
A paired-sample t test was subsequently conducted to compare any differences between measured VO 2max and the predicted VO 2max using the regression model. All analyses were done with SPSS 16.0J for Windows (SPSS Japan Inc., Tokyo, Japan). The statistical significance level was set at P < .05.
Results
Descriptive data for our subjects are presented in Table  1 . The mean ± SD age of our men and women subjects was not significantly different. Statistically significant differences between men and women were observed for mean height, weight, BMI, %Fat and WC. Compared with the men, women had significantly lower values for VO 2max and 3MWD. The highly varied nature of the sample is reflected by the fitness data ranges. Measured VO 2max ranged from 16.5-61.9 ml·kg -1 ·min -1 , with a mean of 34.3 ml·kg -1 ·min -1 , and 3MWD ranged from 240-521 m, with a mean of 356 m. As shown in Figure 1 , 3MWD and measured VO 2max were moderately correlated for both men (r = .56, P < .001) and women (r = .55, P < .001). Age, BMI, WC, and %Fat were significantly related to VO 2max (partial correlation coefficient r = -0.54, r = -0.31, r = -0.55, and r = -0.64, respectively). Table 2 shows the results of the multiple regression analysis. All variables used in the model were independently related to VO 2max . Among the BMI, WC, and %Fat prediction models in the current study, the %Fat model 2 showed the highest multiple correlations and lowest SEE. Based on standardized regression weights β, 3MWD (0.32-0.42) explained the considerable amount of variance in VO 2max . When estimating VO 2max with age and body composition, the addition of 3MWD raised the R 2 from 0.45-0.60 for BMI model 2, from 0.52-0.64 for WC model 2, and from 0.62-0.70 for %Fat model 2, accounting for an additional 15% for BMI model 2, 12% for WC model 2, and 8% for %Fat model 2 in the explained variance of VO 2max . The cross-validation results of the PRESS method are also shown in Table 2 . The shrinkage of R 2 and the increment of SEE for each prediction model were minor (R 2 Δ < 0.015 and SEEΔ < 0.046 ml·kg -1 ·min -1 ).
The VO 2max estimated by the model 2 is plotted against the measured VO 2 max in Figure 2 . Predicted VO 2max (34.2 ± 6.4 ml·kg -1 ·min -1 for BMI model 2; 34.4 ± 6.6 ml·kg -1 ·min -1 for WC model 2; 34.1 ± 6.9 ml·kg -1 ·min -1 for %Fat model 2) did not differ significantly from measured VO 2max (P > .49).
Discussion
The results of the current study demonstrated that 3MWT RPE13 is a valid tool for assessing CRF, as a significant correlation was established between 3MWD and VO 2max obtained during a GXT with bicycle ergometers in healthy adult men and women. Furthermore, our results indicate that the VO 2max prediction models developed in this study are noteworthy because they provide satisfactorily accurate estimations of VO 2max using 3MWD as well as other factors related to CRF, including gender, age, and body composition, in a sample of healthy adult men and women.
Since it is impractical to conduct the maximal exercise test and to directly measure VO 2max in the general public, several submaximal exercise tests and nonexercise prediction models have been developed. Especially, recent research has focused on assessing the efficacy of the perceptually regulated submaximal exercise tests to predict VO 2max . [21] [22] [23] Several studies have demonstrated that the perceptually regulated moderate intensity exercise tests (RPE 13) were useful in predicting VO 2max variance. 18, 19 Nakagaichi and Tanaka 19 conducted a study of 25 men (36.7 ± 13.6 yrs) and found the distance covered in a 12-minute submaximal treadmill walk test at a self-selected intensity corresponding to RPE 13 to be significantly associated with VO 2peak (r = .73, SEE = 6.15 ml·kg -1 ·min -1 , P < .05), as assessed by GXT with a treadmill. However, they did not develop an multiple regression equation for estimating VO 2max . Lambrick et al 18 developed a prediction model for estimating VO 2max using age-predicted maximal HR (HRmax pred ) and work rate elicited at an RPE 13 (WR RPE13 ); they also demonstrated that WR RPE13 was useful in predicting VO 2max variance and helped their VO 2max prediction model generate relatively accurate estimations of VO 2max (n = 11, R 2 = .78, SEE = 3.42 ml·kg -1 ·min -1 , P < .05). However, ease of test administration (ie, a long administration time or a ramped incremental exercise test) and a need for sophisticated and expensive equipment limit these tests to laboratory settings. Because the 3MWT RPE13 is submaximal, very short (3 minutes of exercise), and does not require expensive and bulky equipment or highly trained personnel, this test overcomes the hurdles discussed in the above-mentioned studies.
The results demonstrated that each of the independent variables used in this study was independently related to VO 2max . The partial correlation coefficient of 0.56 (adjusting for gender) between 3MWD and VO 2max found in this study was lower than the correlation coefficient (r = .73) between the distance covered in a 12-minute submaximal treadmill walk test and VO 2peak found in healthy men reported by Nakagaichi and Tanaka. 19 However, it was similar to that (r = .54) found in healthy adult men reported by Cao et al 24 and was higher than that between total elapsed time for a 1-mile track walk and VO 2max found in healthy men (r = -0.42) and women (r = -0.48) reported by Kline et al 8 Moreover, it was comparable with those from previous self-paced walking tests including a 12-minute walk test and a 6-minute walk test. 9 These findings document the value of using the 3MWT RPE13 when evaluating CRF in clinical fields and large epidemiological cohorts. Compared with currently available self-paced walking tests, the 3MWT RPE13 has some obvious advantages. The major advantages are that the 3MWT RPE13 is easy to administer and, unlike the self-paced walking tests, there is a specific performance criterion to ensure that maximal effort is not exerted. Furthermore, the test is not time consuming and, unlike track walk tests, the space needs are minimal.
Such a test would require less exertion and motivational effort from the exerciser and would be more comfortable and safer.
The current study is the first to develop VO 2max prediction models using 3MWD as well as gender, age, and body composition in healthy adult men and women. Even though the test protocols (ie, total exercise test time and intensity), prediction factors, and participants differed, the prediction models developed in this study provide an estimate of VO 2max comparable to those from previous studies estimating VO 2max based on performance in self-paced walking tests that reported varying degrees of success in predicting CRF, with SEE and R 2 values ranging from 2.1-4.7 ml·kg -1 ·min -1 and 0.42-0.86, respectively. 8, [25] [26] [27] [28] [29] As Table 2 shows, the values determined by the multiple regression models in the current study were well within this range. In addition, the %SEE for most submaximal exercise methods used to estimate VO 2max were 10%-20%. 30 Therefore, the %SEE values (13.3%-15.3%) determined by the regression model in the current study were equivalent to those reported for the submaximal exercise prediction methods for estimating VO 2max . To estimate the prediction model's performance, we conducted a cross-validation analysis based on PRESS. The results showed that shrinkage of the R 2 (< 0.015) and the increment of SEE (< 0.045 ml·kg -1 ·min -1 ) for each prediction model were minor (Table 2) , supporting the validity of the prediction models developed in the current study. We also investigated the stability of our prediction model by cross-validating it in an independent sample (average age 41.7 ± 14.2 yrs) of men (N = 80) and women (N = 108) using the linear regression and bland and Altman approach. 14 When the %Fat modle2 was applied to this independent sample, the predicted VO 2max correlated well with measured VO 2max (r = .79, P < .001), and the standard error of estimate (SEE1) 14 and total error (TE) 14 were 4.89 and 5.00 ml⋅kg -1 ⋅min -1 , or 15.3% and 15.6% of the average VO 2max , respectively. Bland and Altman analysis showed that the bias (expressed as the mean of the difference in measured VO 2max and predicted VO 2max from %Fat modle2) was small (0.84 ml⋅kg -1 ⋅min -1 ); the limits of agreement, defined as the mean ± 2SD, were from -10.7 to 9.0 ml⋅kg -1 ⋅min -1 .The scatter on the Bland-Altman plot is distributed randomly, and only 6 cases were outside the limits of agreement. These results indicate that our model is relatively stable.
Several limitations of our study need to be considered when interpreting the results. The prediction models we developed may have limited generalizability because they were developed in a group of relatively healthy Japanese adults 20-69 years of age. The stability of the predicted VO 2max values using the present model is unknown in groups of individuals whose characteristics vary substantially from the range of characteristics in our study samples (eg, children and adolescents, individuals with metabolic syndrome, and other racial groups), since the relationship between the performance of 3MWT RPE13 and VO 2max in such groups may have different characteristics than in our study. Further investigation is required to validate our prediction models in these groups. Although acceptable accurate prediction models are achieved, the accuracy of these models is not better than that of previous prediction models based on the walk test. Considering the apparent utility of the physical activity variable in estimating VO 2max , 11, 15, 16 combining physical activity variable into regression models may improve the accuracy of our prediction models. George et al 31 provided evidence that the physical activity variables account for an additional 8.1% of unique VO 2max variance, not explained by the self-selected treadmill pace, age, gender, and body mass (a change in R 2 from 0.804-0.885). If physical activity variables would be encompassed by the prediction models, it is likely that the accuracy and validity of the prediction models would improve relative to the present prediction models. Therefore, further study is needed to investigate that possibility. Furthermore, the present prediction models should be investigated to determine whether they are sensitive to change that may occur with training programs within groups or individuals.
In conclusion, the results of this study suggest that the 3MWT RPE13 is a valid tool as an alternative maximal exercise test for evaluating CRF in Japanese adult men and women. The current study also demonstrated that the VO 2max prediction models derived in this study provide satisfactorily accurate estimations of VO 2max using 3MWD as well as other factors related to CRF, including gender, age, and body composition, in a sample of Japanese adults men and women. Furthermore, 3MWT RPE13 offers several methodological advantages that make it potentially useful in numerous clinical and healthcare settings as well as in large epidemiological cohorts.
